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BACKGROUND OF WZI“N\/EI\FI'I ON Recently, there have been.mde great

t echnol ogi cal advances in disk recordi / reproduci ng appar at us
(hereinafter referred to as "disk drives") for recording and/ or

reproduci ng data on a di sk-shaped recording nedium such as a hard disk or
an optical disk (herclE&D SLIDERANRDrBISKDRIVEMBRARATIAG their use is
expanding not only in conventional conputers but also in nany other
fields. There are increasing demands for such disk drives to have high
recordi ng mengh OF arte INVEGgiGNON, to be small in size, consune little
power, have good shock resistance, and be nountable onto portable 20

equi pnrent. FI G 1hd prasqmr spesttione relaetv:/sstoherimacbasﬂildy:rsﬂrmwihggrrmwtsld
drive. Ln Fi 14, a di 2is s orted on a na e 1 so ag.to be
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motor for et Erécordssd médlkﬂﬁﬁdsﬁbh% a‘ﬁnQ@ﬁbﬁ@ (ﬁsﬁe@rda(rﬁﬁgnéﬂp tic2S for

perform ng a record/ reproduce operatlon (1r.e., for perform ecordl ng
and/ or a repiskdugichqlepeardatesnio iss dislppdrive hppamtususpaTes |smnhS aahedatihe
suspensi onﬁj s fixed to an actuator arm6. Actuator arm6 is attached to
actuator shaf¥®7 for rotation.

10 BACKGROUND OF THE INVENTION

Recently, there have been made great technological advances
in disk recording /reproducing apparatus (hereinafter referred to as
“disk drives”) for recording and/or reproducing data on a disk-shaped
recording medium such as a hard disk or an optical disk (hereinafter

15 referred to as “disks”) and their use is expanding not only in
conventional computers but also in many other fields. There are
increasing demands for such disk drives to have high recording
density and, in addition, to be small in size, consume little power,
have good shock resistance, and be mountable onto portable

20 equipment.

FIG. 14 is a perspective view schematically showing a disk
drive. In Fig. 14, a disk 2 is supported on a main spindle 1 so as to be
rotatively driven by a driving means 3. As driving means 3, a spindle
motor for example is used. A head slider 4 having a head (not shown)

25 for performing a record/reproduce operation (i.e., for performing a
recording and/or a reproducing operation) is supported on a
suspension 5 and the suspension S is fixed to an actuator arm 6.
Actuator arm 6 is attached to actuator shaft 7 for rotation.

A positioning means 8, for example a voice coil motor, allows



A pesgtioning neans 8, for exanple a voice coil notor, allows 2 actuator
arme6 to swng so that head slider 4 is shifted to a predeterm ned track
position of disk 2. A housing 9 serves to keep the above described nenbers
in predetermned relative positions and, by being covered with a lid (not
shown) serves also to protect the above 5 nmentioned conponents and ot her
conponents within the housing. Wile a,yecord/ reproduce operation is
performed in the disk drive having the“described structure, the foll ow ng
three forces are applied to the head slider 4 and a bal ance anong these
three forces allows head slider 4 to fly while maintaining a designed

flyi ng hei gimttuat@r Taenf & sto cﬁwm soorttes iheacheslidsad 4exisr tsddftbgt saspensi on
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acting to urge the head slider 4 to fly above disk 2. "The third I's force
simlarly Ieingseiveragd witbnadid l(oat showrgcsuses|alisd muptmast dhe above-
acconpapyi rotation of the djsk but this is ve pressure
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operation is formed. b e, he ot ovvn) Wth the increase in the
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equi pnment such as not ebook-si ze 25 personal conputers For di sks

have bé&Ooneltes festldf the Brsesiis. thalc&cﬂ rax,ertfrd &y swapénsi®nl 53suoh, that
revol utions of

di t k d t
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smal | er di ggpéehedhfliSy from a flow of viscous ﬂuld such as air accompanying

the rotation of the disk and this is a positive pressure acting to urge

the head slider 4 to fly above disk 2. The third is a force similarly

15 resulting from a flow of viscous fluid such as air accompanying the

rotation of the disk but this is a negative pressure acting to urge the

head slider 4 toward the disk 2. While head slider 4 is flying at a

predetermined flying height by virtue of the balance among the three

forces, positioning means 8 is driven so that head slider 4 is shifted to

20 a predetermined track position and a record/reproduce operation is
performed by the head (not shown).

With the increase in the recording capacity per unit area of
disks, disk drives of smaller size and smaller thickness have come to
be realised and mounted on portable equipment such as notebook-size

25 personal computers. For example, disks have become as small as 3.5
in., 2.5 in., or as small as 1.3 in., in diameter. As the disk diameter is
decreased, the number of revolutions of the disk 2 is accordingly
increased. Thus, the rotation spéeds of these smaller diameter disks

are increased to 4500 rpm, 5400 rpm, and 7200 rpm, respectively.



are increased to 4500 rpm 5400 rpm and 7200 rpm respectively. 3 Thus,
when the dianeter of disk 2 is decreased, it has conventionally been
required to increase the nunber of revolutions of disk 2 in order to
maintain the relative speed between disk 2 and head slider 4 at required

|l evels. 5 In order to realise a still smaller disk drive and to have it
nount ed on portabl e equi pnent representgf by nobil e tel ephones, there also
arises a very inportant problem of reduc¢ing the power consunption. Mre
specifically, though smaller dianeter disks are required in order for disk
drives to be nounted on portable equipnent, 10 it is a problemto increase
t he nunber Tus.ewblem theslidmedes of disk(R 39 decneasesd,ait has coaventionpdyer

consunption. Also, it .is required to intain a,st.able flying .height of
Che dl ok eRse Fomstd dPalialEntthn ToRTHE S TR IRERHS St oK 8 ot ral sk
becones | owowheinsaie tRe RIBLVE! sfdeE betvekn! §idkS & anld Hedd YliliBE™4 at
requi red, even when external 15 shock is exerted on the head slider, that

wear and tgaquareddlevelse to the head slider or the disk due to collision or

contact _of the head slider with the disk b revented. A structure of a
head sl Pder capaﬁPeOB‘F{e? 1191 Fepitfove Sctﬂ Yre eps‘ﬁiﬁf‘aééwé’vé‘ﬁq[ fot R8VEeltat i ve
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maintain a stable flying height of the disk even if the relative speed
between the head slider and the disk becomes low when such a
smaller sized disk is used. It is further required, even when external
15 shock is exerted on the head slider, that wear and tear or damage to
the head slider or the disk due to collision or contact of the head slider
with the disk be prevented.
A structure of a head slider capable of flying above the disk
surface even if the relative speed between the head slider and the disk
20 is low is disclosed in Japanese Patent Unexamined Publication No.
2001-229518. In the disclosed head slider, there are formed grooves of
different depths in the surface of the head slider opposite the disk,
whereby stepped portions having at least two steps are formed, and the
depth of the shallowest groove of the grooves forming such stepped
25 portions is set to 250 nm or below. It is stated therein that a stable
flying height can be maintained by the use of this head slider even if
the relative speed between the head slider and the disk is low.

Although it is stated in the disclosure cited that the head slider

is kept at a stable flying state so as not to cause a collision with the



is kept at a stable flying state so as not to cause a collision with the 4
di sk when the relative speed is low, it is not stated that the head slider,
while flying with a low relative speed, is prevented from causing damage
on the head slider or the disk when the head slider is subjected to a
shock force. 5 SUMWARY OF THE INVENTION It is an object of the present
invention to provide a head slider structure, preferably which is capable
of maintaining a stable flying height above a disk surface even if the

rel ati ve speed between the head 10 slider and the disk is | owered and
hardly avoi ding significant damage to the head slider or the disk even if
t he head sldidkrwhsnsthbj mbaléde speedh is dow e Ftnis! nshstzitﬁdathatahsdqetad plider,de a

di sk drive u g.such a. gg slider. The head. slider of_t resent
Cnvent i on HEBIS BYHEHitD s 10¥5 T8IALYS FRFLs| b PrsyRBfsd TR [RANPIBE der

has an upst{§aaLedgs RAE! head %ﬁd@r gfwa{éﬂ SR %g@%I ggeah@'&&%ﬁ& msedge

portion on a rearward end side, respect to rotation rectlon
and t he heahlgectet to amimalsfmcea d| sk-facing surface of the head sI i der
(i.e. a_surface of the 20 head slider to be disposed opposite to (or
facing)sthe di sk); and a head di sposed on the disk-facing surface for

perform ng @yMmNBRSE O(anﬂg‘f INVE‘N’HU}@ and reproduction, wherein the
es

di sk-facing surface inc cross rail disposed at a predeterm ned
di stance fromthédt 1§&mpbjcroaaarﬁ dogpresarit mvepmqaremdlpmlvade tnohehd simteat i ng

direction of the disk; an gggtrean} ﬁnternedlate | ev I p rtion
formed to GYTREWHE, RUGHTA i fapablaqol maymtapiing a stable flying

height above a disk surface even if the relative speed between the head
10 slider and the disk is lowered and hardly avoiding significant damage
to the head slider or the disk even if the head slider is subjected to an
external shock, and also to provide a disk drive using such a head
slider.
The head slider of the present invention has a structure as
15 described below; namely, the head slider has an upstream edge portion
on a forward end side and a downstream edge portion on a rearward
end side, with respect to a disk rotation direction, and the head slider
comprises:
a disk-facing surface of the head slider (i.e. a surface of the
20 head slider to be disposed opposite to (or facing) the disk); and
a head disposed on the disk-facing surface for performing at
least one of recording and reproduction,
wherein the disk-facing surface includes:
a cross rail disposed at a predetermined distance from the
25 upstream edge portion perpendicular to the rotating direction of the
disk; and
an upstream-side intermediate-level portion formed to be lower
than the cross rail, and in which

the step depth at the stepped portion between the cross rail and



the step depth at the stepped portion between the cross rail and 5 the
upstream side internedi ate-level portion is set to be wwthin a range of 5
nmto 100 nm Preferably the head slider is fornmed substantially in a
rectangul ar parall el epi ped shape. 5 By virtue of such a structure, the head
slider is able to maintain a flying height at a substantially satisfactory
| evel even when the disk rotates at a ggm/speed and the rel ative speed

bet ween the head slider and the disk i$ |owered. Al so, such an

advant ageous effect can be obtained that variations of the flying height
can be suppressed even 10 if the head slider is subjected to changes in the
rel ati ve spbedupstrestraisybs intertriveliatarbsieheortioprisssatrte. béwithier a rameehead
slider can q%% %é?vngf wi t h good shock resistance such that the head
slider and ¥R Y B™ardi'y damaged even when the head sllder |s

subjected to an pexi&ssy $hECK dRI C81idAFC oS difhghitd s dhstandidl a
provided which is 15 sndll, thin, and consunes little power an |s thus

nmount abl e onctamgmlablmaled]lalqmpnd siBRIEF DESCRI PTI ON OF THE DRAW NGS The
invention is further .described of non-| ative 0 exa e, wth
referente to theﬁ&bcﬂﬁﬁéﬁyﬁ”ﬁ \Aﬁ‘négruqtﬂr%ltbﬁ thI§ ’;szir 13 % J§n i ew
showi ng a %ﬁl‘ﬁtfa?ﬁ'af‘ﬂ ﬁﬂg B%?@qtoét a é@@@tarﬁidlﬁ%aﬁ%ﬁ?ftg %e? edehi whkn

enbodi nent of the inve IS a sectional VI of the head slider
of the firghe disboditatast at aEIoWI @e@l asdathperalptveispeedi lew“s&ﬂmetb& heatl y

showi ng a di,sk dr u t i der ftheflrtenbod' nt: FIG 3
O T o Uit tad Fnetishisn By ege, A Tuh Ain BdvaRIAeSIUS RICREANG | ot
and di stanqg Bb%@a%ﬂ@al@iu@ngI&Kh\éﬁﬁﬁntgh@elgﬁ%%arﬁbé deiprtkestég vkhst

enbodi nent is used
10 if the head slider is subjected to changes in the relative speed or

changes in the atmospheric pressure. Further, the head slider can be
provided with good shock resistance such that the head slider and the
disk are hardly damaged even when the head slider is subjected to an
external shock force. Accordingly, a disk drive is provided which is
15 small, thin, and consumes little power and is thus mountable on

portable equipment.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention is further described by way of non-limitative
20 example, with reference to the accompanying drawings, in which:-
FIG. 1A is a plan view showing a disk-facing surface of a head
slider according to a first embodiment of the invention;
FIG. 1B is a sectional view of the head slider of the first
embodiment;
25 FIG. 2 is a perspective view schematically showing a disk drive
using the head slider of the first embodiment;
FIG. 3 is a graph showing a relationship between flying height
of the head slider and distance from a centre of a disk when the head

slider of the first embodiment is used;



6 FIG 4 is a graph showng a relationship between variation of flying

hei ght and step depth at the stepped portion of the head slider of the
first enmbodinent.; FIG 5 is a graph showing a relationship between a ratio
of 5 flying height when the atnospheric pressure is |owered 20% and step
depth at the stepped portion of the head slider of the first enbodi nent;
FIG 6 is a graph showing a rel ationship between shock resistance and step
depth at the stepped portion of the head slider of the first enbodi nent;
10 FIG 7A is a plan view showng a nodification of the head slider of the
first enbodinent; FIG 7B is a plan view show ng another nodification of
the head slider RIfG.t%hesfargapinishdwiegta rléla(ﬁioﬁsll"lim bat\péam wereatish ovd ng a

di sk-faci ng, surface. of head ., 15 sli accordin

of *the v PGB BATRES TP deBth oF OHeIStePBa gtortios RLHE BePHCTIGT bhe

second enhedl ffRAtemBb&mants @ plan view showing a nodification of the

head slider of the second enbodinent; 20 FIG 10A is a plan vi ew show ng

t he di sk-facing SHIG abeisofa graphaslheMmigra aetaticnsigipt deawehnr d emtiodéfirent
' OB is a sectjonal view of, the he Ilder of the

of the nve t| 0 L‘%
Chird cigh avligh (e AUBPSBROBROR GTSUAS sl BT Rar RO AP | vi ng
el ght 25 &p tthh§t D82 lPpoRREn ik aNSEd SARLA O b TRELnsiskaben t he

head sli der of the thi dinment 1s used; FIG 12 is a gra oWi ng a
rel ati onshi p bet i@éh varisata ogragh slhewing i ag rélaitmmtshapd t&tm'pedershbckt t he
stepped porI"tels?sr‘]ca%fcetaPr(lad @?319 depthdgtr t}% sttggpggllggrtfong)% itggnltléad slider of
the first embodiment;
10 FIG. 7A is a plan view showing a modification of the head slider
of the first embodiment;
FIG. 7B is a plan view showing another modification of the head
slider of the first embodiment;
FIG. 8A is a plan view showing a disk-facing surface of a head
15 slider according to a second embodiment of the invention;
FIG. 8B is a sectional view of the head slider of the second
'embodiment;
FIG. 9 is a plan view showing a modification of the head slider
of the second embodiment;
20 FIG. 10A is a plan view showing the disk-facing surface of a
head slider according to a third embodiment of the invention;
FIG. 10B is a sectional view of the head slider of the third
embodiment;
FIG. 11 is a graph showing a relationship between flying height
25 of the head slider and distance from a centre of a disk when the head
slider of the third embodiment is used;
FIG. 12 i1s a graph showing a relationship between variation of
the flying height and step depth at the stepped portion of the head
slider of the third embodiment;



7 FIG 13 is a graph showing a relationship between shock resistance and
step depth at the stepped portion of the head slider of the third

enbodi ment; and FIG 14 is a perspective view schematically showing a 5
conventional disk drive. DETAI LED DESCRI PTI ON OF THE EXEMPLARY EMBODI MENTS
(First Exenplary Enbodinent) 10 FIG 1A is a plan view of a head slider 20
of a first enbodinent of the present invention show ng its disk-facing
surface, and FIG 1B is a sectional view taken along the line X-X of FIG

| A. Head slider 20 is forned in a substantially rectangul ar parall el epi ped
shape, which has an upstream edge portion 36 on a forward side and a
downst r eam edge HGorlt3 aa 37 gmaph ISéla)Wi/agd asirdtgtionstipr dsgtecent shcok
rotating dlrectlon of present, enhodi the. dis i ng
surface is " P&ﬁraerbdtséeﬂactfé)tg‘ ft rtEF HERPEFROTH rér’ﬁnt%le frd asrhi‘ﬁﬁ ‘gfgcti on
26, a secodpfé 0084 enYBo PSRt ghgenerati ng secti on 31, a negatl ve pressure
generating section 28, an upstreamside internediate-level portion 32, 20 a

downst ream si de iFiGer ntdli ase-d epersprwntivieonviey; aokiemalﬁgadﬂyZZShdwmg)sad on

t he sec ositive-pr enerating section 31. The configuration wll
be descPi be rb"«?In&Wr}% ‘ﬁﬁge& d\éftgal |. At a position a predeterm ned distance
apart from upstream edge portion 36, a cross rail 261 is arranged
perpendicular to the rotating 25 direction of the disk. Connected with
cross rail RDETAALEPoDESERIFEIONAJE Tl EXEMPeARYBMBODIMENT8am edge
portion 37, there are disposed side rails 262 and 263, which, together
with cross rail 261, constitute first positive-pressure generating section

26. Al ong tpﬁst%mgldwﬂggﬂrﬂ &spect to the lateral direction, there is
di sposed 8 second posifive-pressurée generating section 31, mhlch IS

el evat éQ FIG. 1A is a plan view of a head slider 20 of a ﬁrst embodiment

of the present invention showing its disk-facing surface, and FIG. 1B is

a sectional view taken along the line X-X of FIG. 1A. Head slider 20 is

formed in a substantially rectangular parallelepiped shape, which has

an upstream edge portion 36 on a forward side and a downstream edge

15 portion 37 on a rearward side, with respect to the rotating direction of

a disk. In the present embodiment, the disk-facing surface is

configured to have a first positive-pressure generating section 26, a

second positive-pressure generating section 31, a negative pressure

generating section 28, an upstream-side intermediate-level portion 32,

20 a downstream-side intermediate-level portion 33, and a head 22
disposed on the second positive-pressure generating section 31.

The configuration will be described below in more detail. At a

position a predetermined distance apart from upstream edge portion

36, a cross rail 261 is arranged perpendicular to the rotating

25 direction of the disk. Connected with cross rail 261 at both of its

ends and extended toward downstream edge portion 37, there are

disposed side rails 262 and 263, which, together with cross rail 261,

constitute first positive-pressure generating section 26. Along the

centre line with respect to the lateral direction, there is disposed



fromthe | evel of downstream edge portion 37. Extended a predeterm ned

di stance toward upstream edge portion 36 fromthe forward edge of second
positive-pressure generating section 31, there 5 is disposed
downstream si de i nternedi ate-level portion 33. Further, extended in the
direction of upstream edge portion 36 froma stepped portion 38 fornmed on
the forward end side of cross rail 261,E§here is disposed upstreamside

i nternedi ate-1evel portion 32. The area™ surrounded by first
positive-pressure generating section 26 and 10 second positive-pressure
generating section 31, plus downstreamside internediate-|level portion 33,
consti t ut esecogst ipasipregyessurgegencitatng sesttiaan 38, whith iis ebowdsdd nost

deeply fromthe di sk, surface, Wth the described. confjiguration of. the
di sk-f aci ng" St f He, levas_ip Ha et _Fﬁsestpé’ﬁ cﬁlp%?tioaé’é%?r‘dgq%@n
upst r eam siyge qboediifddRAkflifed Q¥RarBOlPseRa3 &dge Bt ad 26t Iheset Lo

be within a range of 5 nmto 100 rim which is a characteristic o

present i foewardredgieghsevengmesstive- gresenat igegeseatingose@don s3 Igottsdriet ut ed

of a de .recess | argel urrounded first posijive-pressur neratin
secti ongpz_ds _SBﬂaego‘g?}‘é’f\{?g‘?ﬁfgi% eilﬁ'gérr‘ﬂﬁﬂiaa{fgl??’ﬁf/é’lorﬁgpt ?’gn E‘S‘%t CWi scogs
fluid flowidgehtQ iththdBBREREESS Jﬁs@?@érﬂee&géj?o?ﬁoﬁr@é?réﬂ 4 s%@ég@ar uptly

expands so as to generate a negative pressure at the negative preSsure
gener at i ng pEtiarod82RriTed oméhatfoveapd egsdirsedactf scriossurage 2bdadheiredsr 20

(ovard (he g Shse £ men aunsad Shlger o2 gerer gt consnt iamal oo
o e ARrphinas 5] e b apetinthating Seeont 29 oD
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FSJ(I;; I ?gﬁ’ i ngQergme(tiPa%e— gxsrézlt | Vgor%oens sugg’ geggrrlgttitegte%r Our?edg:;tyv% UDS}erses%Teedge
generating section 28 which is recessed most deeply from the disk
surface. With the described configuration of the disk-facing surface,
a step depth H at the stepped portion 38 between upstream-side
15 intermediate-level portion 32 and cross rail 261 is set to be within a
range of 5 nm to 100 nm, which is a characteristic of the present
invention.
Negative pressure generating section 28 is constituted of a deep
recess largely surrounded by first positive-pressure generating section
20 26 and downstream-side intermediate-level portion 33. A viscous fluid
flowing into the deep recess from the side of cross rail 261 abruptly
expands so as to generate a negative pressure at the negative pressure
generating section 28. This negative pressure acts to urge head slider
20 toward the disk.
25 When a head slider of a general, conventional configuration is
steadily lifted above the disk surface, the head slider maintains its
flying attitude at a pitch angle of 0.1 mrad or so. When such a head

slider is subjected to a shock force in the direction of the disk and the

head slider is thereby caused to come close to the disk surface, then



generally lower than the positive pressure generated around the downstream
edge portion. Hence, it sonetinmes occurs that the head slider takes a
negative pitch angle and the flying attitude becones 5 unstable. However,

in head slider 20 of the present invention a positive pressure is also
generated at upstreamside internediate-level portion 32 when the head
slider cones close to the disk surface. 5 Therefore, the overall positive
pressure around upstream edge portion é% is increased so that a positive
pitch angle is maintained and, 10 consequently, the slider is prevented
fromcolliding with the disk surface, or, even if it collides wth the
surface, thdespositivieopressure geserdied armamcﬂuethenp@@tremmmﬂge@ormeadls

i ders 20 I he desgr i bed sh b d | d
gener al - purIEE I P haUht LS BPSHLRaUySHEduEeac A6 dbpTRepdn  hg:

etching. FuldwakirevherRdpR’ BoRiGe! SHeﬁ@@ §OBBhicdAhed RilrsNthdtStHeWehded,
processing by laser beamirradiation or ion irradiation may be used. In

t he presentsleddiotiilhemta negativee pitiahg armlhwldusﬁh\?g flyong attitadicabeoomnies

enpl oye First 05|t|ve pressur ne tion 26 20 .and secon
p05|t|v§ prdR8 @ ge HPUE ﬁb E%cﬁF% &8 ggﬂaﬁgtFFu§ﬁe§$?%IQ§Eﬂ88Ph3r and,
al so, upst resuTtive dsrelsBhifé n@@ﬂ@é gehevsledpat Up%rt‘reeﬁﬁ $8d ifevmntarantséle

i nternedi ate-1evel portion 33 are made flush wth each other. On the other

hand, the spepiatepid wbenethefhead shdet tqqnee@rcelssqr@ dbeedisk mpdace.i on 26
section 28, wel | t ween .second

d t t b
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section 28,34 Sis $8érda@el. BoMhA® 4 pddifivenpitch a&l@m@ 1@,f nﬁ&%@aﬁiédﬂeinéo the
| ength, wi dth, and thickness are set to 1.235 nm 1. mm and 0.3

respectlequonmuemltly thé¢ sslidereris ppreverdedi éwrscheﬂailngawlyh sthomi ahlgka di sk
drive surface, or, even if it collides with the surface, the shock force is
absorbed and the impact minimised.
Head sliders 20 having the described shape can be produced by
moulding or general-purpose machining but are preferably produced
15 Dby wet or dry etching. Further, when more precise and complicated
working is required, processing by laser beam irradiation or ion
irradiation may be used.
In the present embodimlent, a processing method using ion
irradiation is employed. First positive-pressure generating section 26
20 and second positive-pressure generating section 31 are made flush
with each other and, also, upstream-side intermediate-level portion
32 and downstream-side intermediate-level portion 33 are made flush
with each other. On the other hand, the step depth between first
positive-pressure generating section 26 and negative pressure
25 generating section 28, as well as between second positive-pressure
generating section 31 and negative pressure generating section 28, is
set to 0.6 pm. As to the entire shape of head slider 20, the length,

width, and thickness are set to 1.235 mm, 1.00 mm, and 0.3 mm,

respectively.



usi ng head slider 20 of the present enbodinent. A disk 400 is rotatively
driven by a driving neans di sposed bel ow di sk 400. As the driving neans, a
m crom ni ature spindle notor for exanple is used. 5 Head slider 20 having a
record/ reproduce head (not shown) is supported on a suspension (not

shown) and this suspension is fixed to an actuator arm 600. Actuator 600,
inturn, is attached to an actuator aﬁi@ 700 for rotation. A positioning
means 800, provided for exanple by a rom ni ature voice coil notor,
al l ows actuator arm 600 to swing 10 so that head slider 20 is shifted to a
predeterm ned track position of disk 400. A housing 900 retains the above
ment i oned corrponé?iﬁs 28 Eppetmfmtmemel@tw echcmaélqmls'l showsn&@ddlsk dawsted to

be covered vvlth 1i not far ﬁect the e a te\%he‘{

conponent s Wlpﬁl taﬁleS 855 e[H:ere “S 9%nt i on,

di sk 400 i sroftatives éaveﬂt@praaarmﬁ Iﬁ@&nm@?é&d@eﬁ)@rﬁskh@@@e,Aeqm the
o)

di sk surface is eéxposed on the front side di sk 400. Further, there is
enpl oyed t rivingpeayzs) ey@memmmlmilm] sphizdleembtor i foer exampit riacaseti.ont o a

h Kk
Gostri bad A06H8 POcEE R0y drtingy it masoral ToProdblienh Ghe i oWk koar i ve
shown in Flg ﬂ&tem&%usﬁé}?slgha(ﬁ%t%hovﬂ{) Qx‘lélih‘ﬂ@gu'sgeflﬁf&rh% ﬁ&@é%ed and

the relative speed bet ween ‘di sk 400 and head slider is made snaller.
More speci faraktyatodi an490. Ratuatati A1 8t tafnaspadached ébyarp@ctmatord its

region from.3 qggg 9 of its radius is the r or dabl. ggion rther,
(hd SRew aria 9 Jor 2offidn ' A Siiating dds EUEHETidd B phanle
portion of Whg Micemirtatifle éice ToHEHINRESE, alldifs BBULBIYAENMAB 0@ té%‘%lﬁlg

position of 9 mmat the outer perlfheral portion of the disk is set to +15
degreed30 arsd that headbelider 20eimishiftehsood piesletegoined $mck Pasidon rqu By
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predetermined relative positions and is adapted to be covered with a lid
(not shown) for protecting these and other components within the
housing. In the disk drive of the present invention, disk 400 is formed
15 integral with the main spindle and, hence, only the disk surface is
exposed on the front side of disk 400. Further, there is employed the
ramp load system in which the head slider is retracted onto a ram.p
500 when the rotation of disk 400 is stopped.

The disk drive as described above is configured substantially
20 the same as the disk drive shown in FIG. 14. However, the diameter
of disk 400 is further reduced and the relative speed between disk
400 and head slider 20 is made smaller. More specifically, disk 400
has a diameter of approximately 20 mm and its region from 3 mm to
9 mm of its radius is the recordable region. Further, the skew angle
25 at a radial position of 3 mm at the inner peripheral portion of the disk
is set to -3 degrees, the skew angle at a radial position of 9 mm at the
outer peripheral portion of the disk is set to +15 degrees, and the

number of revolutions of disk 400 is set to 3000 rpm.

By using this disk drive, step depth H at stepped portion 38 of



hei ght, and variations of shock resistance due to the change were obtai ned
by nunerical analysis. Since a small dianeter disk was wused and it was
rotated at a small nunber of revolutions as described 5 above, the relative
speed between head slider 20 and di sk 400 was approximtely 5 m sec,
which is approximately 1/2 to 1/5 the speed of conventional disk drives.
Fig. 3 shows analytical results of the E?Iation between the distance from
the centre of disk 400 and the flying height at each 10 position when a
head slider 20 having a step depth H at stepped portion 38 of 100 nm was
used. As shown in FIG 3, it was found that substantially constant flying
hei ght s canhéad shidern?2Q isegjzaniged,sandfflyimg haightls, pesiatiams of thiesiyisg.

Then, the flyi hei ght LY ith ch i depth H at 15 st d
e, 1 e B i R e B S oPAE e e o
anal ysi s. Thistdiged! b ALEnSHONN anAlYdis 4Bink® bl Smeadl diffhetBPrdis®nials axi s

represents step depth H at stepped portion 38. Assessnents were nade by
rati os FHremp&Havnsl dridashotatadHat e smati ohmber of revauitindiscas el sicnibed

t | th tical axjs, 20 is t | f
Prying. Hor gbareupiid delatins, Shead brwérnirad st Anavd aneARe nad ¢ ©
m ni mum val gepRixibhiaely ¥ Y sdehaiiict i Bpbhexiraaay f1/omtb he/ 3 RRerspeed

peripheral portion of "disk 400 at a radial position of 3 nmto the outer
peri pheral @ocanvgntaenal dk driveposition of 9 mm Fromthe results, it is

found that FHhax/EHav, 5 becones |l ar.ger st depth His, increased and
Frim n/ Friave,  corve: sol hOBScaReD o rertis”of b aEpian oo fiih .
I n.other v@is@sncé tfrbm tRENEANTR 0fIBSk 40U asHAt 1N T1yRhaf Mi%gﬂ heieghts

occur over the range fromthe inner peripheral portionto the outer
peri phéPal pesiticnowlaen sa dpeatdpslides 20 dreoppgdapstep cdepdB Hs ait nstepaeed.

This'is 12 oreatlye aff f55 St Ydd"6abact AMBhoke if h ! 42 $RESY Bghupen

that substantially constant flying heights can be obtained regardless

of the radial position of disk 400.
Then, the flying height varying with changes in step depth H at
15 stepped portion 38 of head sliders 20 was similarly obtained by
numerical analysis. The results are shown in FIG. 4. In FIG. 4, the
horizontal axis represents step depth H at stepped portion 38.
Assessments were made by ratios FHmax/FHave and FHmin/FHave,
which ratios are indicated in percentages along the vertical axis,
20 where FHave is the average value of flying heights, while FHmax and
FHmin are the maximum value and the minimum value of the flying
heights, in the range from the inner peripheral portion of disk 400 at
a radial position of 3 mm to the outer peripheral portion at a radial
position of 9 mm. From the results, it is found that FHmax/FHave
25 becomes larger as step depth H is increased and FHmin/FHave,
conversely, becomes smaller as step depth H is increased. In other
words, it is found that greater variations of flying heights occur over
the range from the inner peripheral portion to the outer peripheral

portion as step depth H at stepped portion 38 is increased. This is



and head slider 20 is low. Wen there are variations in the flying height,
recorded/ reproduced signals by head slider 20 fluctuate and stable
record/ reproduce operation becones inpossible. In order that 5 stable
record/ reproduce operation is performed, it was found necessary that step
depth H be 100 nmor below Further, it was found that, if step depth His
reduced to 60 nmor below, ratios FHmm éFFbve and FHm n/ FHave were
substantially constant even if step deg h H was varied. Accordingly, it
has been known that 10 variations of the flying height hardly occur even if

there are present sone variations in working accuracy of step depth H and
hence favddreablyeaffestad bysthet faet shat tbeoradatine speegd betweenndis& 400ai ned.

. Further, the.effect. of anges in e_at,mospheri c pressur.e under. which
the di ok arttE FeAESlitagOoR Borea ehRn UG BYF VBETHIGRS B NG TS s.
The resul t shéigBtshevsrded /rkfro@ucéd @é%ﬁaﬁlﬁwshéé@ JI&ldro20! fluBRi£RNAAHSS,
bet ween the flying height en the anbient ~atnospheric pressure was

changed by stetdanecensy repypdychaingration becomestimepessibie iln ender that

at rmsphﬁric gé?ssuge.scgs seen from Fl GE 5, it is .found t.hat rati.os qf the
f1ying Rei gHES ot STUSY TEREAAIYES, CRETBEC30 bt RFHES n &t AT PN at

st epped poridc¥ssasdy i thatebtd dehnM Hel GEIAW. oWisdIokhe Fhethderiihwhag set
to 60 nmor below, it is found that ratios of the flying heights not |ess
t han 80 % daHnie thatuikdtepddepdndd oreducad| to re@ onay orepebuvceatiosr at i on

can then b erf d. 25 .6 ws the relationship between step. depth
H at steppg—"c}{ﬁ.bad?tﬁ! %V%§%%&H&4EEQFSWSB%EP '?’ﬂaﬁggpcéﬁs@g%s%’&&&
resi stance,stepudeptbaH apakyshsiewas ABESrdiRglhe iassadmbéan khstvrd N@iat
equi val ent nmass of the head slider including the suspension is 8 ng and a

shock 1Qor carmtdensad the dying dmjghtrhawsily afcur agen Sf 4ppté¢ edet prasemthead
13 slhider ande $08AHOAY 3SERRRRYE ABRLIRICHPYs XA kN VaherahLhe
favourable results such as an improvement of yields can be obtained.
Further, the effect of changes in the atmospheric pressure
under which the disk drive is used was obtained similarly by
15 numerical analysis. The results are shown in FIG. 5. FIG. 5 shows
the ratio, in percentages, between the flying height when the ambient
atmospheric pressure was changed by 20% and the flying height prior
to the change in the atmospheric pressure. As seen from FIG. 5, it is
found that ratios of the flying heights not less than 70% can be
20 obtained when step depth H at stepped portion 38 is set to 100 nm or
below. When the step depth is set to 60 nm or below, it is found that
ratios of the flying heights not less than 80 % can be secured and
hence more stable record/reproduce operation can then be
performed.
25 FIG. 6 shows the relationship between step depth H at stepped
portion 38 and shock resistance. With respect to shock resistance,
numerical analysis was made on the assumption that the equivalent

mass of the head slider including the suspension is 8 mg and a shock

force produced by a triangular wave of 2 ms is applied to the head



time when the disk conmes into contact with head slider upon application of
the shock force thereto as the shock resistance. As seen fromFIG 6, it
is found that it is possible to increase the shock 5 resistance to 500 G or
above if step depth His set to 100 nmor below It is further found that
it is possible to obtain a shock resistance value of 1400 G or above if
step depth His set to be within a ran g of 10 nmto 60 nmand therefore a
highly reliable disk drive when nounted on portable equi pment can be
realised. 10 Although it is not shown in the graph, it was nmade cl ear by
experinments that the flying attitude becones very unstabl e when ste dept h
His set toldlainandcihes, pn assenfenedt Wasmade tiyetaking thawalug egdhe f1 ui d

to be stabl,y int c i nt.o_the _spac et t he..di sk- faci. surface and
t he di sk. renreef‘{éﬁgl%<l| ?g € sﬁlér)l%cgggnae%y 1?138p§:§§?%cet1 ‘gftgl?f?%(;sff,lggr nBRQBrp
step dept h dpplicHicRpstRershédk I8randhetétoobdethd ahodkakikistgntbe hlyi ng
attitude, it is required to provide a step depth Hof 5 nmor above. In

vi ew of thesaeasinons G sdhaltysefourd dbadrit hedpassable tadnpreasspthe Mhotk100 nm

or bel ow or,..nreferabl nm Qr _below. is required,in der that
vari ati \§Ins r&mﬁ glcgl f;/}? nélgo%gtigg% aaroé’eshf_gﬁ_e s%eda%glngFgPa%?tet?e%@?drlm} é’ﬂr oduce
operation itselp@r.f oltmed findBert fRin@ ofht iPNsOhokeikle PESdshisiihhian socgnge of
0.5 nmMs to 5 mMs. Further, in order to |%ove t he shock resi stance,

1

provi si on deestitapcaalnete! 0BG ar ahbeveifostep deptio H oo satmterbe widfiar abl v,
within a ran f 5 10mtoH0 n i S..desirabl e. From.t e,resylts, step
depth H at a??E%Beoﬁob rIEIFlgkO W‘E%’h‘i zh% 8560% %églﬁi;% f%hhlg% ﬂ’rﬁ?ﬁ n&'&si red
to be provwiHel MbemtedRA beRtbleeqlipessh ©pah s séapidd.ty of the flying

attitude. Wien further shock resistance is taken into consideration, it is

found tfat the stAdpheiaghhitwist Aok showng;m dheigraph,t 8 e@snmade tlear by

pref er abl e'experiments that the flying attitude becomes very unstable when step

depth H is set to O nm because it becomes difficult, then, for the
viscous fluid to be stably introduced into the space between the disk-
facing surface and the disk. Therefore, it is necessary to provide, at
15 least, a nonzero step depth H at stepped portion 38 and, in order to
stabilise the flying attitude, it is required to provide a step depth H of

S nm or above.
In view of the results of analyses as described above, step
depth H of 100 nm or below, or, preferably, 60 nm or below, is
20 required in order that variations of the flying height are suppressed
and stable record/reproduce operation is performed under the
condition of low speeds within a range of 0.5 m/s to 5 m/s. Further,
in order to improve the shock resistance, provision of step depth H
within a range of 5 nm to 100 nm or, preferably, within a range of 10
25 nm to 60 nm, is desirable. From these results, step depth H at
stepped portion 38 within a range of 5 nm to 100 nm is desired to be
provided when importance is placed on the stability of the flying
attitude. When further shock resistance is taken into consideration,

it is found that the step depth within a range of 10 nm to 60 nm is



In the present invention, when a shock force is applied to the head slider
inthe direction to pull the head slider away fromdi sk 400 abruptly, a
negative pressure in the direction to attract head slider 20 5 toward di sk
400 is generated at stepped portion 38. OmMng to this negative pressure,
the head slider 20 is prevented fromtaking a large pitch angle in a
positive direction thereby becom ng unsigble inits flying attitude. Thus,
nore stable flying can be performed. In"head slider 20 of the present

enbodi nent, cross rail 261 10 and side rails 262, 263 connected with cross
rail 261 are made flush wth each other to formfirst positive-pressure
gener at i ng Reederajie26. The present invention is not limited to such a

fi tion. Vari f ] t. b d | t i
W thi b the opi ri dnofts RaESEhL BhEMiRNS midn X eBPCE Bhet & hilif LR dbie® 01,
202 confi guiéesd 8%idep ishewndirectib& to/ pull tie FeadBslitt #RayiTedm Hid€400

reference nunbers are used in denot] ng? conponent s corresponding to those
in FIG 1A akmptly,G negativenpressirsl inddre dorecsioswto attrakcGhepd, slader 89s rai |
264 is cnot_flush .t ide rails 52, 54  but rather, .side.rails 52..54 are
formed o HEVHILAThATR IS eheredial Sibly BBy, 8% Qifuanactiso by
side rails hdgathfe ?@@Isﬁmcegschreaquéaa%@@@@qylmyéﬁ&dﬂwﬁ%mﬁg%ﬁarge
constitutes a negative pressure generating section 60. Further, an

upst r eam sipiéch megleet & @ositie¢ divection thereby ehecoriong funstathe iadifs on

the forward,side of the oss rail jn.t .di rection of. upst,ream edge
portion 36%&%% ltytd(}p @éb‘tsh Iﬁ?reast%r}gﬁgg'dngp%rf bﬁ %’?Qrf?rsr%ggt to 100 25 nm
wher eby functi ongnt heagagkdes 300 dfhehd¢adseht ehbodirhbBAt PEESENtrailenBqdi nent
can be gerforned. Further, head slider 202 configured as shown in FIG 7B

my al90 tndsede rafss262a263) coenec@al wath srass raill 26 bares@aglet Bndbd
G0, 10,1 1S8R SR IGET, A0 e 8 PR e Gdon 28 7

The present invention is not limited to such a configuration. Various

configurations can be made so long as they lie within the spirit of the

present invention. For example, head slider 201, 202 configured as

15 shown in FIG. 7A or FIG. 7B may be used. Like reference numbers

are used in denoting components corresponding to those in FIG. 1A

and FIG. 1B. In head slider 201 shown in FIG. 7A, a cross rail 264 is

not flush with side rails 52, 54, but rather, side rails 52, 54 are

formed to be lower than cross rail 264. The area largely surrounded

20 Dby side rails 52, 54 and cross rail 264 and having the deepest recess

constitutes a negative pressure generating section 60. Further, an

upstream-side intermediate-level portion 42 is extended from the edge

on the forward side of the cross rail in the direction of upstream edge

portion 36 and the stepldepth at a stepped portion 39 is set to 100

25 nm, whereby functions the same as in the head slider of the present

embodiment can be performed.
Further, head slider 202 configured as shown in FIG. 7B may
also be used. This head slider 202 has side rails 56, 58 extended

down to the downstream edge portion 37 and has head 22 mounted



side internedi ate-level portion 44 is extended fromthe forward edge of a
cross rail 266 toward the direction of upstream edge portion 36. The
deeply recessed regi on surrounded by cross rail 266 and side 5 rails 56, 58
iS a negative pressure generating section 66. In the described
configuration, the step depth at a stepped portion 41 is set to 100 nm or
bel ow. The head slider of the present iggention is particularly

effectively operated within a range of 05 ml s to 5 m s of the relative
10 speed between the head slider and the disk and such an advantage can be
obtained that the variation of the flying height is suppressed even if the
rel ati ve spuednesoicthensgiclt wails (rdatratlspBenithepcasssghewiny. AhamstdeaiThe
reason for it i.s,as fqllows. nme|. ipnce the st dept h _bet ween t he
Cross rarl Sile DiempdisEafvel BETheHich stendiEiors i irorE et o e
bel ow 100 Hh 2ARF03HIUA 268MowkIRN thERIiIF& 86\ upPeedm edirdysRtb AT t he

head slider cones close to the disk surface, the upstreamside _
i nt er nedi atlh¢ alasplporadesaed| mgicnnegrgwsded doy lrosdi sl 26 sed ssidas to

generatg a i ive_pressure. Since this positiv pressure_i.s add to the
posi 1 Ve predRPE” gafcin e s i e PEYIRErd aererafngh seRadn 6P dap fBe
returned t id@iRRP cbhaBUPRADA, itheNBept @épth atH aRighed poiriiBnh®i gBtsetWien
the rel ative speed becones higher, the flying height also becones higher,

and hence tthel @@gimjeebplosssure generated at the upstream side

i nternedi ate-1 ev oytion becone ower. Therefore, the head slider flies
at a flying hei gﬁjth‘:‘geé‘éﬁgi ﬁg‘%%ﬁ ?2 tthg paSER e IYELdORe lﬁeﬁérgfé]&a_ ¥ the
cross rail .effddtfel o?{eadteﬂ LHeiin aaahR 6f 0Vs d8dstBas RAsidyiHRALEVRES a

constant flying heig even if the relative speed decreases and exhibits
smal | V@ri apesdsbefweere thieyhrgd $ledeshanel ehe idiskhandesath van spbexhtagei es.

%83 ng egogg:@gxhg)gpgg{e}/inggb t(]%iltnﬁ% )vallz'ia%oé 'Aéfi t%eaﬂ%lgign hveiigl\% % s%};]}?rae%sglli der
even if the relative speed is changed or the atmospheric pressure is
changed. The reason for it is as follows. Namely, since the step
depth between the cross rail and the upstream-side intermediate-level

15 portion is set to be below 100 nm and above 5 nm, when the relative
speed is reduced and the head slider comes close to the disk surface,
the upstream-side intermediate-level portion also comes close to the
disk surface so as to generate a positive pressure. Since this positive
pressure is added to the positive pressure generated by the cross rail,

20 the head slider is returned to the position where it maintains a stable
flying height. When the relative speed becomes higher, the flying
height also becomes higher, and hence the positive pressure
generated at the upstream-side intermediate-level portion becomes
lower. Therefore, the head slider flies at a flying height depending on

25 the positive pressure generated at the cross rail. Thus, a head slider
can be provided that easily maintains a constant flying héight even if
the relative speed decreases and exhibits small variations of the flying

height even if the relative speed varies.



enbodi nent of the invention showng its disk-facing surface, and FIG 8B
is a sectional view taken along the line Y-Y of FIG 8A 5 Conponents
corresponding to those shown in FIG 1A and FIG 1B are denoted by like
reference nunerals. In the present enbodinent, there is provided a
projected portion 150 on the upstreamside internediate-|level portion 32.
Proj ected portion 150 is fornmed to be i}%gher t han upstreamsi de

i nternedi ate-level portion 32. Cross rail’ 10 261 is fornmed to be | ower than
projected portion 150 and hi gher than wupstreamside internediate-Ievel
portion 32. Step depth H at stepped portion 38 between cross rail 261 and
upst r eam si(@ecPRedixemipdasr Hrabedirpent) on 32 is 100 nmor bel ow and, hence,

he | | diff . i de,i ' - I i 32
and proj ect ed 15 G i 50 PARel o e st OBHmE8 . % PorBhde: Lo

120 nm  Feahbbdsmehhesf tthanihh@seodesabivied ABOMBsIAfLCihRE ss@fedSahlose in
head slider 20 of the first enbodi nent and hence description thereof wll

be oni tted.FlGea&Bslis dar seidonah wewusalienyalogighghat lineh&dYt of tH& .diS%k 20
drive sho in _Fl 2. Head slider .203 not only per t he . fupctjgns
per f or rréd b OWQ“%&}S %?ﬁrggpoﬂgé%gitﬁeél(ﬁf: tsﬁlé"%/r? rSt I?Pcég‘gcfﬂl%ﬁ bujt_ al so
performs t hgef @hoWd byl HRE treferentanBlivherdll&N InatIsPFkséRf ethbSdidRdhi,ed to
t he disk drive and head slider 203 is brought closé to the disk, a

positive prtasser s i Rrayéded anedrajessedn postiopstidanesi deei npstrasdinssidel evel

tion 32. . sten depth .H het : j | id
ot er ned at B aUeniAlsrr6h PoRIOPs 2e: POEHET A B P SRR S008 ¢ | ve
pressure, adbhesittarofupdteedmsbidéeinté@hadibbe-ide1dbskids 3 everssy rand,

even if a collision occurs, the shock force is absorbed and the inpact
mi ni mi $@d. 2} és formedrtior be ilowst dhpacprojsctask poatienakS@ ki héghen thead

erri)ggir mzagt Q.II%sttIflgarrI—'s{ é[ir?tré?lorgéc{ﬁpé—ievl_cﬁaﬁjor%{oindgb. Zggepoae%?ﬁ A Ssefg%)ped
portion 38 between cross rail 261 and upstream-side intermediate-
level portion 32 is 100 nm or below and, hence, the level difference
between upstream-side intermediate-level portion 32 and projected
15 portion 150 is set to. be above 100 nm, e.g., it is set to 120 nm.
Features other than those described above are the same as those in
head slider 20 of the first embodiment and hence description thereof

will be omitted.
Head slider 203 can be used by being attached to the disk
20 drive shown in FIG. 2. Head slider 203 not only performs the
functions performed by the head slider described in the first
embodiment, but also performs the following function. Namely, when
a shock force is applied to the disk drive and head slider 203 is
brought close to the disk, a positive pressure is generated also on
25 upstream-side intermediate-level portion 32 because step depth H
between cross rail 261 and upstream-side intermediate-level portion
32 is set to 100 nm or below. By this positive pressure, collision of
head slider 203 with the disk is prevented and, even if a collision

occurs, the shock force is absorbed and the impact minimised. This



provided with projected portion 150 and this projected portion 150 is
formed to be at the highest |evel. Therefore, when head slider 203 5 cones
into contact with the disk surface, projected portion 150 first touches
the disk surface. Even if projected portion 150 touches the disk surface,
it hardly causes damage on the di sk surface and, further, adhesion of head
slider 203 to the disk surface can be P?evented because the projected
portion has a small and snoboth 10 contacting surface. Accordingly, relief
of shock force by virtue of the positive pressure generated at
upstreamside jnternmedi ate-level portion 32 and prevention of danmage on
the di sk, dBerdprions gHpetildrtheosamed@sspbrinegontbeadeslidern 26upf a{gé by

and o ai s St utad SRReRe0ar By M riEsnd BBRoRieRE & ve'

speed is rgsiusede@Rditht hrajebiRdepsxash! B30 ashDekis pbiiedd e ordidndesoerl i sed.
In head slider 203 of t%gijsecong enbodi nent , crosg r%il 261 and side rails

262, 263 j drraed fherke @tathe fighpshieveleadheseinse, winen headrmlidar 293not
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shown in F nmponen corresp enot ed

by Iike refoiRhes therelishk Surficd.heEeasef pebjdeead Fdriti 18P toibhes apedept h
H between a cross rail 264 and an upstreamside internediate-|evel (gortl on

42 is set fdskesurface.t ¥ dmrdim epdses wdamage ion ohs digki syarfcepragidiet ed

portions 1 pr.ayi ded 2 N, upstream-sy i rnedi at e-1 evel portion 42
and the | eag]lr%%i’f fagr g%%:oen b(gft \%@eﬁcppsrlb(fegctzzjé)dgt& {%F‘%ngﬁ%égﬁ Cﬁpg?{r’)‘g;)ﬁ.si de
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effects the same as obtained with head slider 203 of the second enbodi nent

can bel@bt siodacting syrfieiced Ageogsiingly eradisdiofeshoclrifareel by vistuee pf dhevi ew
of a head S}:')(%sq?lglezop?re%fsu%et hgiernderated at upstream-side intermediate-level
portion 32 and prevention of damage on the disk, as well as adhesion
of head slider 203 to the disk surface, by virtue of projected portion
150 can both be attained. Thus, a head slider and a disk drive that
15 provide a stable flying height when the relative speed is reduced and
that have excellent shock resistance can be realised.
In head slider 203 of the second embodiment, cross rail 261
and side rails 262, 263 joined thereto are flush with each other. The
invention is not limited to such a configuration. A head slider 204
20 may be configured as shown in FIG. 9. Components corresponding to
those in FIG. 7A are denoted by like reference numerals. In the case
of head slider 204, if step depth H between a cross rail 264 and an
upstream-side intermediate-level portion 42 is set for example to 60
nm and, further, if a plurality of projected portions 156 are provided
25 on upstream-side intermediate-level portion 42 and the level
difference between projected portions 156 and upstream-side
intermediate-level portion 42 is set to 100 nm, functions and

meritorious effects the same as obtained with head slider 203 of the

second embodiment can be obtained.



enbodi nent of the invention showing its disk-facing surface, and 5 FIG
10B is a sectional view of the head slider taken along the line Z Z of FIG
10A. Conponents corresponding to those in FIG 1A and FIG 113 are denoted
by like reference nunerals. Head slider 205 of the present enbodinent is
different fromthose of the other enbodinents in that there is forned a
groove 322 in the centre along 10 the If%eral direction of a cross rail 261
and this groove 322 is joined wth upstPeam side internediate-|evel
portion 32 and is flush with the sane. Stability of the flying height and
t he shock resistance of head slider 205 of the present enbodi ment when it
is attached to the disk drive shown in FIG 2 are obtai ned by nunerical
anal ysi s. %i Condj tions f he,.anal ysis are the same as those in the case
of the firdft [ Ty E¥IEkpl anation thereof will be omtted. By

t he provision of o] 322, Al w. t i SfihUi drhAt Qrt hespace
bet ween di sk 400 Fgg}g ;iﬁét\ élgsl%- z;%ﬁng‘g’;%ﬁrpgc% %ggﬁegdhgfi%g? %SQi gﬁﬂ?ﬁ
facilitat ecermbotiiaent hef ahe nventiahi shotiihg tandbsk-€asinlgy suefadegi and. 20

Resul ts_of analysis of the flying hejght at sone distances from the centre
of di k5403 1&-el SRk sechpmal Tiew ef tg'\?ehefifio?ﬁr%rdali%} {engitsetlimd-t hat
the flying 'gﬁ{?i ub j C redl 0 dj

posi tions o?%éi S .488%.1_%(?]1?15\?3{%&;[&gﬁ%gﬁb{lﬁg&%tgi ng eelg%hfﬁllagr ggs%lﬁlhl arly

obt ai ned bWI®R51Buary idealoteddby dike feferdmas mhmadeaks. 2¢tedthslidgrv20b afs step
depths H at stepped portgga 38. The results are shown in EIG 12. The

results ofthe QRTEEENkerdn HPﬁé‘(‘i id tH CEgMe Was?_h@é?e qfhéh_rees‘iﬂh(% shown
(N FIG 4 @hbbAfnkhEsin ¥R s [SPAled 8,g/bBRe 0SS 28R caHE along
e . 1 een

represents step pth at stepped portion sessnents have

made byOt hehealatesalFdirertibHaok aacibssHaih/Xeaeed whiscroswt 822 & pinhsdi cat ed
in percentages along the vertical axis, Wmire FHave is the ?,lverage_ val ue
of flying H’%’itghf‘?,StWﬁméSIﬁﬂr’rﬁ?(teéﬁlf atg-level portion 32 and is flush with

the same. Stability of the flying height and the shock resistance of
head slider 205 of the present embodiment when it is attached to the
disk drive shown in FIG. 2 are obtained by numerical analysis.

15 Conditions for the analysis are the same as those in the case of the
first embodiment and hence explanation thereof will be omitted. By
the provision of groove 322, inflow of the viscous fluid into the space
between disk 400 and the disk-facing surface of head slider 205 is
facilitated so that the air lubrication film can be easily maintained.

20 Results of analysis of the flying height at some distances from
the centre of disk 400 are shown in FIG. 11. As seen from FIG. 11, it
is found that the flying height is substantially constant regardless of
the radial positions of disk 400.

Then, variations of the flying height are similarly obtained by

25 numerical analysis for head sliders 205 having various step depths H
at stepped portion 38. The results are shown in FIG. 12. The results
of FIG. 12 were obtained in the same way as were the results shown
in FIG. 4 for the first embodiment. That is, the horizontal axis

represents step depth H at stepped portion 38. Assessments have



are the maxi num val ue and the m ni num val ue of the flying heights, 5
respectively, in the range fromthe inner peripheral portion of disk 400
at a radial position of 3 mfmmto the outer peripheral portion at a radial
position of 9 nm Fromthe results, it is found that FHrax/ FHave becones

| arger as step depth His increased and FHm n/ FHave, conversely, 10
becones snmaller as step depth His incrf sed. In other words, it is found
that greater variations of flying heigh occur over the range fromthe
i nner peripheral portion to the outer peripheral portion as step depth H
at stepped portion 38 is increased. Wen step depth H was 10 nm or bel ow,
subst ant i altbgert hmadlenbyvtheasntass iFHhea) Fladerarid PHmoin ARiéate,r sthich

enbodi nent were obt ai wever, when step dept H was nmade greater than
that, head &t }%@rﬁowﬁﬁaﬁ'ﬁ_@ Pt xerentags dlrest thendetHisal grétuddigieat er

vari ati ons }ﬁ’[fla%g‘? feh4i Qg bg‘mluerﬁowo]%iﬁngnt eiﬁﬁ sf Quiitk %ﬁﬁﬁkﬂ?m%ﬁg}%ﬁ of

head slider 203 o the pre ent t" step dept is preferably
100 nm or lealeothe araxiomen?Oahreheadattiey mitAmmummovalve ofvtle dbing heighss,i ons

of the flying hei hardly occur, even if there are present, so i
variatigns %€ pﬁﬁ]ﬂ%ﬁfy l%éger%yg%fr%ﬁhaéwrwsﬁ@%ﬁ E@qrﬁwbggdilyka ds

are adva”téﬂ%%{s%%aggélsg%ﬂmf }%msllg(gc eaouf‘éxag @B@k P%H’i@ﬁ” £Lep

depth H at steppe rtion resi st ySI's the
shock resi srtaahabpomﬂmrabﬁ@ made under the sane conditions as applied to
head sl i der %t the first nbodl go Aa seen fromF| G 13, |t was found
that the shock oMt the erspl tar’}sb wnd, EhdedHm aver baeemss; f

step depth jHrker Bel Qi Qi ?—ms abRYEased Mnd FHhfin'/ M1 HA5 Cetthydizaty sl 1 der

205 of the pr sent e nt as escrl ed above, 1t'is
vari at 16ns lwdcdrhes fdrgalgr laai gtp deptheH isepicrentbdn Em:ccﬂhbatwerds mttlS and
further thaftou%ds tlglglé grr%gtg} %g(r:gt%cns of flying heights occur over the range
from the inner peripheral portion to the outer peripheral portion as
step depth H at stepped portion 38 is increased. When step depth H
was 10 nm or below, substantially the same values as in head slider
15 20 of the first embodiment were obtained. However, when step depth
H was made greater than that, head slider 205 of the present
embodiment tended to produce greater variations of the flying height.
Thus, it was found also in the case of head slider 203 of the present
embodiment that step depth H is preferably 100 nm or below, or more
20 preferably, 60 nm or below because variations of the flying height
hardly occur even if there are present some variations in working
accuracy of step depth H and hence improved yields are
advantageously obtained.
FIG. 13 shows a relationship between step depth H at stepped
25 portion 38 and shock resistance. Analysis of the shock resistance
was also made under the same conditions as applied to head slider
20 of the first embodiment. As seen from FIG. 13, it was found that

the shock resistance value can be increased to 1000 G or above if

step depth H is below 100 nm and above 5 nm.



1000 G can be obtained by setting step depth H at stepped portion 38 5 to
be above 5 nm and below 100 nm Besides, it is found that the step depth H
is preferably within a range of 5 nmto 60 nmin order that variations of
the flying height hardly occur and the yield is inproved even if there are
present sonme variations in working accuracy of step depth H 10 The head
slider for which groove 322 can be provbged in cross rail 261 is not
limted to head slider 205 described in“"the present enbodinent. Even if a
groove is provided for head slider 201, 202 as a variation of the first
enbodi nent shown in FIG 7A and FIG 7B or for head slider 203, 204 in the
second enbodi nentlpn the casreof bsatiupliden 20T ad the peesantrethb®yimért ase of

t he head sljider.of.the present in tion as. descrjbed .abave, .it becones
unnecessar YISt BRONEY fios oyt that VEskRiSs of fbediuReEiRnticad Bfa)

di aneter di tl '&ri&ﬁﬁdafé@eﬁt%}le AEEFs afANBTRkE Otha128 I8odH UEIkSHE rgm

i ncreasing. Further, since a 20 positive pressure can al so be generated at

t he upstr eak@QQ d& cannbe oipgdiratd byesattingpstapodephe il at sttepked qraz¢ions38xer t ed
on the disk i t.he direction,that t head slider is, hrought ose,to the
sk suPt ace Bg AT Sogh 1 (HHIOWe 0o ier BRPLIES: e 10 SRNELANGE the

m ni m sed. d‘f@f)t&@éﬁth HYs pre¥drdibhg witRidakhhYe Off Prihetd 60 AL 1hMReen the
surface of the 25 upstream side 1nternedi ate-|evel portion, damage on the
di sk can behati nanatemsewdnthd fiyieghdwdglst i erdlyonesur nawd ctine aaeldviish t he
di sk. Thus possi bl.e to mount a small-sized, |l.ow power consum ng,

i v
and i ghl yHIQVER) VGRS ! GERGES IS RISIENS SQIHEREAoNS GRAME MNEA head

slider for JigeraRpQTidiepaddaiabl e disk in a disk drive apparatus,
conprising 5 a disk-facing surface for facing the rotatable disk, and
10

The head slider for which groove 322 can be provided in cross
rail 261 is not limited to head slider 205 described in the present
embodiment. Even if a groove is provided for head slider 201, 202 as
a variation of the first embodiment shown in FIG. 7A and FIG. 7B or
for head slider 203, 204 in the second embodiment, the same

15 functions can be performed.

By the use of the head slider of the present invention as
described above, it becomes unnecessary to increase the revolving
speed of the disk even if a small diameter disk is used so that power
consumption can be prevented from increasing. Further, since a

20 positive pressure can also be generated at the wupstream-side
intermediate-level portion when a shock force is exerted on the disk in
the direction that the head slider is brought close to the disk surface, a
collision of the head slider with the disk can be minimised. Further,
by providing a plurality of projected portions on the surface of the
25 upstream-side intermediate-level portion, damage on the disk can be
minimised even if the head slider comes into contact with the disk.
Thus, it is possible to mount a small-sized, low power consuming, and

highly reliable disk drive on portable equipment.



a head di sposed on said disk-facing surface so as to face the rotatable
disk for perform ng at |east one of recording and reproduction, wherein
sai d disk-facing surface has: 10 an upstream edge portion adapted to be

di sposed perpendicular to a rotation direction of the rotatable disk and
so as to be a |leading edge portion of said disk-facing surface with
respect to the rotation direction of tgg rot atabl e di sk; a cross rai

di sposed a predeterm ned di stance from%Said 15 upstream edge portion and
generally parallel to said upstreamedge portion; an upstreamside

i nternedi ate-1evel portion extending from said upstream edge portion to
said cross rail, said upstreamside ClABYBedi ate-|1evel portion having a
hei ght | ower than said cross rail 20 such that a stepped portion is fornmed
between said cross rail and said upstreamside internediate-|evel portion;

and wherei n sai d jst eppedhpaft diffe st 8sé et A dotatBlai8k%h & dill t o
100 nm 25 2. The head slider according to'claiml1, wherein said step

depth is i rdrave apgerafug,OcommpresiBg nm 3. The head slider according to
claiml_or 2, wherei ai.d crqgss rail has groove, forned therein joined
W h 5aPd upbtr eEiLGIATDE SHBFRaal AUPRANS T8RPt 408 ending
general Iy perpendj gbar didosedl GnUpsitr 8RR-e4GR gPONERR: séasThS f&@fq?él I der
according to any one of the preceding 5 clains, wherein said disk-facing
surface fumohatablac|disks forpl pedbityngf atprlgastt eshegoofi orsoptiojgecandg
upwar dl y fron1sgid.ug§trean}side i nternedi ate-1evel portion; and
reproduction,
wherein said disk-facing surface has:
10 an upstream edge portion adapted to be disposed
perpendicular to a rotation direction of the rotatable disk and so as to
be a leading edge portion of said disk-facing surface with respect to
the rotation direction of the rotatable disk;
a cross rail disposed a predetermined distance from said
15 upstream edge portion and generally parallel to said upstream edge
portion;
an upstream-side intermediate-level portion extending from
said upstream edge portion to said cross rail, said upstream-side
intermediate-level portion having a height lower than said cross rail
20 such that a stepped portion is formed between said cross rail and
said upstream-side intermediate-level portion; and

wherein said stepped portion has a step depth in a range of 5

nm to 100 nm.

25 2. The head slider according to claim 1, wherein said step

depth is in a range of 10 nm to 60 nm.

3. The head slider according to claim 1 or 2, wherein said

cross rail has a groove formed therein joined with said upstream-side



said cross rail has a height | ower than said projected portions 10 and

hi gher than said upstreamside internedi ate-level portion. 5. The head
slider according to any one of the preceding clains, wherein said

di sk-facing surface further includes two side rails joined with said cross
rail and extending generally perpendicular 15 to said upstream edge
portion. 6. A disk drive apparatus conp%bsing: a driving nmechani sm arranged
for rotating a rotatable disk in a disk™rotation direction; 20 a head
slider according to any one of the preceding clains; an actuator arm
supporting said head slider; and a positioning nmechani smcoupled with said
act uat or arimtermedigteaeyel nastioss iaridbexéending geaespllyr peEpenrdictdandsi ti on

sai d head ﬁ%iégfé%%ts?ﬁ} géggg}coggi&ﬂnned track position of a rotatable disk. 25

7. A disk ng to claim®6, further conprising a
rotat abl e di sk and wherein said upstream edge portion of said disk-facing
surface of said head slider. is disposed perpendicular to the rotation
direction of sai dtrot afldis beadsglider according to any one of the preceding

5 claims, wherein
said disk-facing surface further includes a plurality of
projected portions projecting upwardly from said upstream-side
intermediate-level portion; and
said cross rail has a height lower than said projected portions

10 and higher than said upstream-side intermediate-level portion.

S. The head slider according to any one of the preceding
claims, wherein said disk-facing surface further includes two side
rails joined with said cross rail and extending generally perpendicular

15 to said upstream edge portion.

6. A disk drive apparatus comprising;:
a driving mechanism arranged for rotating a rotatable disk in a
disk rotation direction;
20 a head slider according to any one of the preceding claims;
an actuator arm supporting said head slider; and
a positioning mechanism coupled with said actuator arm and
arranged to position said actuator arm so as to position said head
slider at a predetermined track position of a rotatable disk.
25
7. A disk drive apparatus according to claim 6, further
comprising a rotatable disk and wherein said upstream edge portion
of said disk-facing surface of said head slider is disposed

perpendicular to the rotation direction of said rotatable disk.



